i 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 947 261 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

06.10.1999 Bulletin 1999/40 

(21) Application number: 98307305.7 

(22) Date of filing: 09.09.1998 



(51) Intel 6: B22D 11/06 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Fish, John Andrew 


MC NL PT SE 


Woonona 2517 NSW (AU) 


Designated Extension States: 


• Kato, Heiji 


AL LT LV MK RO SI 


Yokosuka-shi, Kanagawa-ken (JP) 


(30) Priority: 18.09.1997 AU P0925397 


(74) Representative: Lerwill, John et al 


28.05.1998 AU PP375298 


A. A. Thornton & Co. 




Northumberland House 


(71) Applicants: 


303-306 High Hoiborn 


• Ishlkawajima-Harima Heavy Industries Co., Ltd. 


London, WC1 V 7LE (GB) 


Chiyoda-ku, Tokyo 100 (JP) 




• BHP STEEL (JLA) PTY, Ltd. 




Melbourne, Victoria 3000 (AU) 





(54) Strip casting apparatus 

(57) Apparatus for continuously casting metal strip 
comprises a pair of parallel casting rolls (16). In use of 
the apparatus molten metal Is delivered between the 
casting rolls which are rotated to deliver cast strip prod- 
uct downwardly from the rolls, casting rolls (16) are 
mounted on a roll module (13) installed in and remova- 



ble from the caster as a unit. IVIodule (13) is movable 
horizontally from a stand-by position to an intermediate 
position beneath a casting position of the rolls and can 
be hoisted from the intermediate position by operation 
of hoists (71) to lift the rolls (16) into their casting posi- 
tion. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to the casting of metal s 
strip. It has particular application to the casting of metal 
strip by continuous casting in a twin roll caster. 
[0002] In a twin roll caster molten metal is introduced 
between a pair of contra-rotated horizontal casting rolls 
which are cooled so that metal shells solidify on the mov- io 
ing roll surfaces and are brought together at the nip be- 
tween them to produce a solidified strip product deliv- 
ered downwardly from the nip between the rolls. The 
term "nip" is used herein to refer to the general region 
at which the rolls are closest together. The molten metal is 
may be poured from a ladle into a smaller vessel or se- 
ries of vessels from which it flows through a metal de- 
livery nozzle located atx>ve the nip so as to direct it into 
the nip between the rolls, so forming a casting pool of 
molten metal supported on the casting surfaces of the 
rolls immediately above the nip and extending along the 
length of the nip. This casting pool is usually confined 
between side plates or dams held in sliding engagement 
with end surfaces of the rolls so as to dam the two ends 
of the casting pool against outflow, although alternative ^5 
means such as electromagnetic barriers have also been 
proposed. 

[0003] The change-over of the casting rolls in a twin 
roll caster is a significant problem. The rolls may need 
to be changed between casts so as to allow a different 30 
width of strip to be cast and the rolls must be replaced 
if the casting surfaces are in any way damaged or de- 
teriorate during casting. If the rolls have to be changed 
in situ, a significant amount of potential casting time is 
lost waiting for the casting components and the area sur- 35 
rounding them to cool. The new set of rolls, once in 
place, has to be calibrated prior to casting so that the 
nip width can be pre-set. 

[0004] When casting ferrous metals, it is necessary to 
preheat the refractory components of the metal delivery 
and pool confinement means to very high temperatures 
before casting commences. For these reasons it has 
been proposed to build twin roll casters with demount- 
able components so that the rolls and preheated refrac- 
tory components can be rapidly brought together into an ^5 
operative assembly and casting started before the pre- 
heated components cool significantly. One example of 
a caster with moveable lolls and refractory components 
is disclosed in our Australian Patents 631728 and 
637548 and corresponding United States Patents so 
5,184,668 and 5,277, 243. 

[0005] The present invention enables a twin roll strip 
caster to be built with a modular construction in which 
the casting rolls are installed in a moveable module 
readily moveable Into and out of the machine. A previ- ss 
ous proposal for mounting the rolls on a moveable mod- 
ule is described in Japanese Patent Publicatbn JP- 
693-9185 of (Mitsubishi Heavy Industries Ltd. In that pro- 



posal the rolls and the pool confining side plates are 
mounted together on a frame which is carried on a 
wheeled car moveable horizontally into and out of the 
machine along rails. The present Invention provides a 
different arrangement in which a roll module is moved 
horizontally into an intermediate position beneath the fi- 
nal casting position and is then lifted into the casting po- 
sition. This enables the rolls to be quickly manoeuvred 
into the casting position without requiring movement of 
any ancillary equipment or components. In a preferred 
embodiment of the invention the rolls can be lifted into 
position between a pair of pool confinement side plates 
without the need to move the side plates. 

SUMMARY OF THE INVENTION 

[0006] According to the present invention there is pro- 
vided an apparatus for continuously casting metal strip 
which includes: a pair of parallel casting rolls forming a 
nip between Ihem; melal delivery means to deliver mol- 
ten metal into the nip between the rolls to form a casting 
pool of molten metal supported on casting roll surfaces 
immediately above the nip; pool confining means at the 
ends of the rolls confining the pool against outflow from 
the ends of the nip; and roll drive moans to drive the 
casting rolls in counter-rotational directions to produce 
a solidified strip of metal delivered downwardly from the 
nip; wherein the casting rolls are mounted on a roll-mod- 
ule installed in and removable from the caster as a unit 
and movable horizontally transversely to a casting di- 
rection from a stand-by position to an intermediate po- 
sition beneath a casting position of the rolls and there- 
after vertically to lift the rolls to the casting position; and 
wherein the apparatus includes a lifting means for lifting 
the roll module and rolls mounted thereon from the in- 
termediate position to the casting position. 
[0007] Preferably the lifting means includes a fluid cyl- 
inder actuated hoist. 

[0008] Preferably the apparatus includes drive cou- 
pling means which automatically couple the roll drive 
means to the casting rolls when the roll module is in the 
intermediate position. 

[0009] Preferably the apparatus includes water cou- 
pling means which automatically couple a water cooling 
means to the rolls when the roll module is in the inter- 
mediate position. 

[0010] Preferably the roll module further includes a 
module frame and roll carriers moveable on ihe module 
frame to permit bodily movement of the rolls toward and 
away from one another to vary the nip between them. 
[0011] Preferably the apparatus further includes a roll 
biasing means operable when the roll module is in the 
casting position to move the casting rolls from an open 
position towards each other to vary the width of the nip. 
[0012] Preferably the pool confining means is in the 
casting position prior to moving the roll module from 
stand-by position to the intermediate position and there- 
after to the casting position Moving the roll module to 
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the intermediate position beneath the casting position 
and holding the casting rolls in the open position en- 
sures that there is no contact between the rolls and the 
pool confining means during the installation of the rolls. 
[0013] Preferably the roll biasing means is operable s 
to move the casting rolls away from each other. 
[0014] Preferably the roll module further includes an 
adjustable stop means disposed beneath the nip and 
between the roll carriers to serve as a spacer stop for 
engagement with the roll carriers to pre-set the minimum io 
width of the nip between the rolls and adjustable in width 
to vary the minimum width of the nip. 
[0015] Preferably the roll biasing means is operable 
to move the casting rolls from an open position to the 
stop means and thereafter to bias the rolls against the 
stop means. 

[0016] Preferably, the roll module further includes a 
means for holding the roll carriers in the open position. 
[0017] Preferably the holding means includes a lock- 
ing pin assembly having locking pins carried by the mod- 20 
ule frame that can be received in openings in the roll 
carriers. 

[001 8] Preferably the locking pins are fixed relative to 
the roll carriers so that when the roll carriers and the 
rolls thereon are lifted from the intermediate position to 2S 
the casting position the roll carriers are moved clear of 
and therefore are not retained by the locking pins. 
[001 9] The roll carriers may comprise a pair of roll end 
support structures for each of the rolls disposed gener- 
ally beneath the ends of the respective roll 30 
[0020] Each pair of roll end support structures may 
carry journal bearings mounting the respective roll ends 
for rotation about a central roll axis. 
[0021] The roll end support structures may be mount- 
ed on the module frame for generally horizontal move- 35 
ment of the rolls toward and away from one another. 
[0022] The module frame may be moveable horizon- 
tally on linear bearings into and out of the intermediate 
position in the caster. 

[0023] The roll module may be firmly clamped verti- 40 
cally by operation of the fluid cylinder actuated hoist de- 
scribed above lifting the roll module so that stop surfac- 
es on the roll module contact fixed stop surfaces on the 

caster. 

[0024] Appropriate indexing means may be provided ^5 
for indexing of the module frame with the main machine 
frame when the module frame is hoisted so as to provide 
for accurate positioning of the module frame longitudi- 
nally of the rolls. 

[0025] The roll biasing means may include a pair of 50 
biasing units for each roll and the biasing units being 
connectable to the roll carriers. 

[0026] The biasing units may bo carried on moveable 
mountings on the caster so that they can be readily 
moved into and out of operative inter-engagement with ss 
the roll carriers. 

[0027] The invention also provides apparatus for con- 
tinuously casting metal strip comprising a pair of parallel 



casting rolls forming a nip between them: metal delivery 
means to deliver molten metal into the nip between the 
rolls to form a casting pool of molten metal supported 
on casting roll surfaces immediately above the nip; pool 
confining means at the ends of the rolls against outflow 
from the ends of the nip; and roll drive means to drive 
the casting rolls in counter- rotational directions to pro- 
duce a solidified strip of metal delivered downwardly 
from the nip; wherein the casting rolls are mounted on 
a roll module installed in and removable from the caster 
as a unit, said module comprising a module frame; roll 
carriers moveable on the module frame to permit bodily 
movement of the rolls toward and away from one anoth- 
er to vary the nip between them; and adjustable stop 
means disposed beneath the nip and between the roll 
carriers to serve as a spacer stop for engagement with 
the roll carriers to pre-set the minimum width of the nip 
between the rolls and adjustable in width to vary the min- 
imum width of the nip. 

[0028] According to the present invention there is also 
provided a method of positioning casting rolls in a con- 
tinuous strip caster which includes the steps of: moving 
a roll module carrying a pair of parallel casting rolls hor- 
izontally in a direction transverse to a casting direction 
from a stand-by position to an intermediate position; 
coupling the rolls to a roll drive means and a water cool- 
ing unit at the intermediate position; and lifting the roll 
module to a casting position. 

[0029] Preferably the roll drive means and the water 
cooling unit are automatically coupled to the rolls when 
the roll module is moved to the intermediate position. 
[0030] Preferably, after lifting the roll module to the 
casting position, the method further includes moving the 
rolls Inwardly to a pre-set nip position. 
[0031] Preferably, the rolls are held apart prior to be- 
ing lifted to the casting position and the lifting movement 
releases the rolls for inward movement. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] In order that the invention may be fully ex- 
plained one particular embodiment will be described in 
some detail with reference to the accompanying draw- 
ings in which: 

Figure 1 is a vertical cross section through a strip 
caster constructed in accordance with the present 
invention. 

Figure 2 is a side elevation of the caster shown In 
Figure 1 with the lundish and distributor removed 
for clarity and with the casting roll module in an in- 
termediate position and the casting rolls in an open 
position; 

Figure 3 is the same side elevation as shown in Fig- 
ure 2 but with the roll module/casting rolls separated 
from the caster for clarity: 

Figure 4 is a further side elevation of the caster with 
the roll module in a raised casting position and the 
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rolls in an open position; 

Figure 5 is a further side elevation of the caster with 

the roll module in the raised casting position and the 

rolls at a pre-set ntp spacing. 

Figure 6 is a top plan view of the caster; 

Figure 7 is a top plan view illustrating in detail an 

end section of the roll module/casting rolls and the 

coupling of the rolls to water supply hoses and roll 

drive spindles; and 

Figure 8 is a side elevation of the section of the cast* 
er shown In Figure 7. 

DESCRIPTION OF PREFERRED EMBODIMENT 

[00331 The illustrated caster comprises a main ma- 
chine frame 11 which supports a casting roll module in 
the form of a roll cassette 1 3 which can be moved into 
an operative position in the caster as a unit but can read- 
ily be removed when the rolls are to be replaced. Cas- 
sette 1 Scarries a pair of parallel casting rolls 16 to which 
molten metal is supplied during a casting operation from 
a ladle (not shown) via a ladle outlet nozzle 46, a tundish 
1 7. a distributor 18 and a delivery nozzle 1 9 to create a 
casting pool 30 which is confined by the rolls 16 and by 
a pair of side closure plates 18. Casting rolls 16 are wa- 
ter cooled so that shells solidify on the moving roll sur- 
faces and are brought together at the nip between them 
to produce a solidified strip product 20 at the roll outlet. 
This product may be fed to a standard coiler. 
[0034] The illustrated twin roll caster as thus far de- 
scribed is of the kind which is illustrated and described 
in some detail in Australian Patent 664670 and United 
States Patent 5.488,988 and reference may be made to 
those patents for appropriate constructional details 
which form no part of the present invention. 
[0035] Casting rolls 16 are contra-rotated through 
drive shafts 41 from an electric motor and transmission 
which includes drive spindles 128 mounted on the main 
machine frame. The drive shafts 41 can be disconnect- 
ed from the transmission when the cassette 13 is to be 
removed from the caster. Rolls 16 have copper periph- 
eral walls formed with a series of longitudinally extend- 
ing and circumferentially spaced water cooling passag- 
es (not shown) supplied with cooling water through the 
roll ends from water supply ducts (not shown) in the roll 
drive shafts 41 which are connected to water supply 
hoses 42 through rotary glands 43. The rolls may typi- 
cally be aboul 500 mm diameter and up to 2000 mm 
long in oider to produce strip product approximately the 
width of the rolls. 

[0036] The ladle is of entirely conventional construc- 
tion and is supported on a rotating turret (not shown) 
whence it can bo brought into position over the tundish 
17 to fill the tundish. The tundish may be fitted with a 
sliding gate valve 47 actuable by a servo cylinder to al- 
low molten metal to flow from the tundish 1 7 through the 
valve 47 and the refractory shroud 48 into the distributor 
18 



[0037] The distributor 18 is formed as a wide dish 
made of a refractory material such as magnesium oxide 
(MgO). One side of the distributor 18 receives molten 
metal from the tundish 17 and the other side of the dis- 

5 tributor 18 is provided with a series of longitudinally 
spaced metal outlet openings (not shown). The lower 
part of the distributor 18 carries mounting brackets (not 
shown) for mounting the distributor onto the main caster 
frame when the cassette is installed in its casting posi- 

10 tion. 

[0038] Delivery nozzle 19 Is formed as an elongate 
body made of a refractory material such as alumina 
graphite. Its lower part is tapered so as to converge in- 
wardly and downwardly so that it can project into the nip 
15 between the casting rolls 16. Its upper part is formed 
with outwardly projecting side flanges (not shown) which 
locate on a mounting bracket (not shown) which forms 
part of the main frame. 

[0039] Nozzle 19 may have a series of horizontally 

20 spaced generally vertically exiending flow passages 
(not shown) to produce a suitably low velocity discharge 
of metal throughout the width of the rolls 16 and to de- 
liver the molten metal into the nip between the rolls with- 
out direct impingement on the roll surfaces at which in- 

25 itial solidification occurs. Alternatively, the nozzle 19 
may have a single continuous slot outlet (not shown) to 
deliver a low velocity curtain of molten metal directly into 
the nip between the rolls 16 and/or it may be immersed 
in the molten metal pool. 

30 [0040] Side closure plates 18 are made of a strong 
refractory material, for example boron nitride, and have 
scalloped side edges to match the cun/ature of stepped 
ends of the rolls. 

[0041] During a casting operation the sliding gate 
35 valve 47 Is actuated to allow molten metal to pour from 
the tundish 1 7 to the distributor 1 8 and through the metal 
delivery nozzle 1 9 whence it flows onto the casting rolls. 
The head end of the strip product 20 is guided to the 
jaws of a coiler (not shown). 
40 [0042] In accordance with the invention, the roll cas- 
sette 13 is movable: 

(i) horizontally in a direction that is transverse to the 
casting direction of the caster (in the casting direc- 
45 lion is denoted by the arrow A in the Figures) from 
a stand-by position located on one side of the caster 
to an intermediate position beneath a casting posi- 
tion, and thereafter 

50 (ii) vertically to the casting position. 

[0043] Figure 2 shows the roll cassette 1 3 at the in- 
termediate position and Figures 4 and 5 show the roll 
cassette 13 at the raised casting position. 
55 [0044] Movement of the roll cassette 13 to the inter- 
mediate position bring the casting rolls 16 into contact 
with and automatically couples the rolls 16 to the drive 
spindles 128 and the water supply hoses 42. 



OCIO <EP. .C94726lA2.l.> 



4 



7 



EP 0 947 261 A2 



8 



[0045] The roll cassette 1 3 is constructed so that the 
casting rolls 16 can be set up and the nip between them 
pre-set at the stand-by position before the cassette is 
installed in position in the caster 
[0046] Roll cassette 13 includes a large frame 102 
supported on four wheels 121 which carries the rolls 16 
and upper part (not shown) of the refractory enclosure 
for enclosing the cast strip below the nip. The caster in- 
cludes a pair of raits 89 for guiding the wheels 121 be- 
tween the stand-by position and the intermediate posi- 
tion. Rolls 16 are mounted on roll supports 104 which 
carry roll end bearings (not shown) by which the rolls 
are mounted for rotation about their longitudinal axes in 
parallel relationship with one another. The two pairs of 
roll supports 104 are mounted on the roll cassette frame 
102 by means of linear bearings 106 whereby they can 
slide laterally of the cassette frame to provide for bodily 
movement of the rolls 1 6 toward and away from one an- 
other thus permitting separation and closing movement 
of the two parallel rolls between an open position shown 
in Figure 4 and a pre-set nip position shown in Figure 5. 
[0047] The caster includes a lifting means in the form 
of four fluid cylinder actuated hoists 71 supported by the 
machine frame 1 1 and located to underlie the corner re- 
gions of the roll cassette frame 102 when the roll cas- 
sette 1 3 is at the intermediate position - as can best be 
seen in Figures 2, 4 and 5. Actuation of the hoists 71 
lifts the roll cassette 13 to the casting position. The up- 
ward movement of the roll cassette 1 3 is limited by in- 
wardly extending flanges 75 on the guide rails 89 which 
are contacted by outwardly extending flanges 77 on the 
roil cassette frame 102. 

[0048] The rolls 16 are retained at the open position 
shown in Figure 4 by four locking pin assemblies housed 
in vertical openings in the base of roll cassette frame 
102. Each pin assembly includes a locking pin 83 which 
is biased upwardly by means of a spring 85. in the open 
position of the rolls 1 6 shown in Figure 4 the locking pins 
83 extend into openings 87 in the base of roll supports 
104. Upward movement of the roll cassette frame 102 
relative to the locking pins 83 moves the roll cassette 
frame 1 02 clear of the pins and thereby releases the rolls 
16 for movement inwardly by the action of roll biasing 
units 51 described hereinafter to bring the rolls 16 to the 
pre-set nip position shown in Figure 5. 
[0049] Roll cassette frame 102 also carries two ad- 
justable spacers 107 (shown only in Figures 2 and 3) in 
Ihe form of a worm or screw driven jack disposed be- 
neath the rolls 1 6 about a central vertical plane between 
the rolls 16 and located between the two pairs of roll 
supports 104 so as to serve as stops limiting inward 
movement of the two roll supports thereby to define the 
pro-set nip position, io tho minimum width of Ihe nip be- 
tween the rolls. The roll biasing units 51 act continuously 
to bias the roll supports 104 inwardly toward these cen- 
tral stops to permit outward springing movement of the 
rolls against preset biasing forces. 
[0050] There are four roll biasing units 51 disposed in 



two pairs acting one pair on the supports 104 of each 
roll 16 Each roll biasing unit 51 includes a spring hous- 
ing 1 1 1 containing a biasing spring 1 1 2 acting on a thrust 
rod 1 1 3 which is connected at its fonward end to the re- 

5 spective roll support 1 04 The forward end of each thrust 
rod 113 has an enlarged head 115 located in a keyhole 
. opening 117 in a side of one of the roll supports 104. 
The heads 115 of the thrust rods 113 are positioned in 
the keyholes 11 7 as the roll cassette 1 3 moves from the 

10 stand-by position to the intermediate position. The ver- 
tical dimension of the keyholes 117 is larger than the 
diameter of the enlarged heads 115 to accommodate 
vertical movement of the roll cassette 1 3 relative to the 
roll biasing units 51 as the roll cassette 13 is lifted from 

IS the intermediate position to the casting position. Each 
unit 51 is supported at its forward end on the main ma- 
chine frame 11 by a linear bearing 116. When the roll 
cassette 13 is in the casting position shown in Figure 4 
the thruster rods 113 can be translated inwardly by op- 

20 eration of hydraulic cylinder units so that the units 51 
can move the rolls 16 to the preset nip position shown 
in Figure 5 and then provide a biasing acton against the 
rolls. The spring biasing force of each roll biasing unit 
51 can be adjusted by operation of a motor 117 which 

25 actuates a screw thread on spring plunger 118 to move 
the plunger and thereby adjust the compression in the 
spring 112. 

[0051] The illustrated caster construction enables the 
rolls to be accurately set up out of the machine or offline 

30 and rapidly installed when required Accordingly it is 
possible to set up rolls between casts in replacement 
cassettes and to accurately preset the nip spacing. Be- 
cause the spacing between the rolls is accurately set by 
the centralised stops and the roil biasing forces bias the 

55 rolls inwardly against the stops, it is also possible to 
preload the rolls with appropriate biasing forces as soon 
as the cassette is installed and it is not necessary as in 
previous casters to wait for metal to pass through the 
rolls to develop reactive forces resisting roll separation. 

40 The direct coupling of the roll biasing units between the 
cassette frame and the "roll supports also virtually elim- 
inates friction in the spring control mechanism. 
[0052] The illustrated caster construction also ena- 
bles change-over of rolls quickly and effectively without 
interference with pre-positioned pool confining end 
plates 

[0053] The illustrated caster has been advanced by 
way of example only and it could be modified consider- 
ably For example it is not essential that the roll supports 

50 be mounted on linear bearings for strict linear move- 
ment. They could alternatively be supported from the 
cassette frame on pivot arms to allow arcuate move- 
ment providing the necessary lateral movement of the 
rolls to permit appropriate springing movement. This ar- 

55 rangement would enable further reduction of the effec- 
tive friction on roll movement. Similarly the roll biasing 
units 51 could be mounted on pivot arms and brought 
into position for connection with the installed cassette 



5 



OCIO: <EP C947261A2 J > 



9 



EP 0 947 261 A2 



10 



by actuation of hydraulic or pneumatic cylinder units act- 
ing on the supporting pivot arms. The precise manner 
in which the cassette is transported into and out of the 
casting machine could also be varied. 
[0054] Moreover, the spring biasing units could be in- 
corporated into the moveable cassette. However, this 
would require more moveable components and since 
each change of cassette would also involve a change 
of load cells, the cells would need to be recalibrated at 
each change. It is therefore preferred to mount a single 
set of biasing units and load cells on the main frame and 
to connect them to the roll supports when the cassette 
is moved into its operative position. 
[0055] It is accordingly to be understood that the in- 
vention is in no way limited to the constructional details 
of the illustrated apparatus and that many modifications 
and variations may be made without departing from the 
scope of the appended claims. 



Claims 

1. Apparatus for continuously casting metal strip 
which includes: a pair of parallel casting roils (16) 
forming a nip between them; metal delivery means 
(46, 17. 18, 19) to deliver molten metal into the nip 
between the rolls to form a casting pool (30) of mol- 
ten metal supported on casting roll surfaces imme- 
diately above the nip; pool confining means (18) at 
the ends of the rolls (16) confining the pool (30) 
against outflow from the ends of the nip; and roll 
drive means ( 1 28) to drive the casting rolls in coun- 
ter-rotational directions to produce a solidified strip 
of metal (20) delivered downwardly from the nip; 
characterised in that the casting rolls (16) are 
mounted on a roll module (13) installed in and re- 
movable from the caster as a unit and movable hor- 
izontally transversely to a casting direction from a 
stand-by position to an intermediate position be- 
neath a casting position of the rolls and thereafter 
vertically to lift the rolls to the casting position, and 
the apparatus includes a lifting means for lifting the 
roll module (13) and rolls (16) mounted thereon 
from the intermediate position to the casting posi- 
tion. 

2. Apparatus as claimed in claim 1 , further character- 
ised in that the lifting means (71) includes a fluid 
cylinder actuated hoist. 

3. Apparatus as claimed in claims 1 or claim 2, further 
characterised in that the apparatus includes drive 
coupling means (41 ) which automatically couple the 
roll drive means (128) to the casting rolls (16) when 
the roll module is in the intermediate position. 

4. Apparatus as claimed in any one of claims 1 to 3, 
further characterised in that the apparatus includes 



water coupling means (42) which automatically 
couple a water cooling means to the rolls when the 
roll module is in the intermediate position. 

5 5. Apparatus as claimed in any one of claims 1 to 4, 
further characterised in that the roll module (13) fur- 
ther includes a module frame ( 1 02) and roll carriers 
(104) moveable on the module frame (102) to per- 
mit bodily movement of the rolls (16) toward and 

10 away from one another to vary the nip between 
them. 

6. Apparatus as claimed in claim 5, further character- 
ised in that the roll module ( 1 3) further includes an 

IS adjustable stop means (107) disposed beneath the 
nip and between the roll carriers (104) to serve as 
a spacer stop for engagement with the roll carriers 
to pre-set the minimum width of the nip between the 
rolls (16) and adjustable in width to vary the mini- 
20 mum width of the nip. 

7. Apparatus as claimed in claim 6, further character- 
ised in that the apparatus further includes roll bias- 
ing means (51) operable to move the casting rolls 

2S from an open position to the stop means (107) and 
thereafter to bias the roils against the stop means. 

8. Apparatus as claimed in any one of claims 5 to 7, 
further characterised in that the roll nnodule ( 1 3) fur- 

30 ther includes a means (83, 85) for holding the roll 
carriers (104) in the open position. 

9. Apparatus as claimed in claim 8, further character- 
ised in that the holding means includes a locking pin 

35 assembly having locking pins (83) carried by the 
module frame that can be received in openings in 
the roll carriers. 

10. Apparatus as claimed in claim 9. further character- 
^0 ised in that the locking pins (83) are fixed relative to 

the roll carriers so that when the roll carriers (104) 
and the rolls thereon are lifted from the intermediate 
position to the casting position the roll carriers are 
moved clear of and therefore are not retained by the 
45 locking pins (83). 

11. Apparatus as claimed in any one of claims 5 to 10. 
further characterised in that the roll carriers (104) 
comprise a pair of roll end support structures for 

so each of the rolls disposed generally beneath the 
ends of the respective roll. 

12. Apparatus as claimed in claim 1 1 , further character- 
ised in that each pair of roll end support structures 

ss (104) carries journal bearings mounting the respec- 

tive roll ends for rotation about a central roll axis. 

13. Apparatus as claimed in claim 12. further charac- 
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lerised in that the roll end support structures (104) 
are mounted on the module frame (102) for gener- 
ally horizontal movement of the rolls toward and 
away from one another. 

14. Apparatus as claimed in any one of claims 5 to 1 3, 
further characterised in that the module frame (1 02) 
is moveable horizontally on linear bearings (89. 
1 21 ) into and out of the intermediate position in the 

caster. 

15. Apparatus as claimed in any one of claims 1 to 14, 
further characterised in that the roll module (13) is 
firmly clamped vertically by operation of the lifting 
means (71) lifting the roll module so that stop sur- 
faces (77) on the roll module contact fixed stop sur- 
faces (75) on the caster. 

16. Apparatus as claimed in claim 15. further charac- 
terised in that indexing means is provided for index- 
ing of the module frame with the main machine 
frame when the module frame is hoisted so as to 
provide for accurate positioning of the module 
frame longitudinatiy of the rolls. 

17. Apparatus as claimed in any one of claims 1 to 5, 
further characterised in that the apparatus further 
includes a roll biasing means (51) operable when 
the roll module is in the casting position to move the 
casting rolls from an open position towards each 
other to vary the width of the nip. 

18. Apparatus as claimed in any one of claims 1 to 17, 
further characterised in that the pool confining 
means (18) is in the casting position prior to moving 
the roll module (13) from stand*by position to the 
intermediate position and thereafter to the casting 
position. 

1 9. Apparatus for continuously casting metal strip com- 
prising a pair of parallel casting rolls (1 6) forming a 
nip between them; metal delivery means (46, 17) to 
deliver molten metal into the nip between the rolls 
to form a casting pool (30) of molten metal support- 
ed on casting roll surfaces immediately above the 
nip; pool confining means (18) at the ends of the 
rolls against outflow from the ends of the nip; and 
roll drive means (128) to drive the casting rolls in 
counter-rotational directions to produce a solidified 
strip (20) of metal delivered downwardly from the 
nip; characterised in that the casting rolls (16) are 
mounted on a roll module installed (13) in and re- 
movable from the caster as a unit, said nnodulc ( 1 3) 
comprising a module frame (102); roll carriers (104) 
moveable on the module frame to permit bodily 
movement of the rolls ( 1 6) toward and away from 
one another to vary the nip between them; and ad- 
justable stop means (107) disposed beneath the nip 



and between the roll carriers (104) to serve as a 
spacer stop for engagement with the roll carriers to 
pre-set the minimum width of the nip between the 
rolls and adjustable in width to vary the minimum 
s width of the nip. 

20. Apparatus as claimed in claim 19, further charac- 
terised in that the apparatus further comprises roll 
biasing means (51 ) operable when the module (13) 

10 is installed to bias the roll carriers ( 1 04) against the 
stop means (107). 

21. Apparatus as claimed in claim 20, further charac- 
terised in that the roll biasing means (51 ) is operable 

IS to act between the module frame (102) and the roll 
carriers (104) to bias the roll earners (104) toward 
the adjustable stop means (107). 

22. Apparatus as claimed in claim 20 or claim 21, fur- 
20 ther characterised in that the roll biasing means (5 1 ) 

comprises a pair of biasing units for each roll, each 
biasing unit (51) being connectable to the module 
(13) to provide spring biasing of the respective roll 
(16) when the module is in its operative position but 
2S releasable from the module to enable the module 
to be removed from the caster. 

23. Apparatus as claimed in claim 22. further charac- 
terised in that the spring biasing units (51 ) are car- 

30 ried on moveable mountings on the caster so that 
they can be moved into and out of operative inter- 
engagement with the module. 

24. A method of positioning casting rolls in a continuous 
35 strip caster characterised by the steps of: moving a 

roll module (13) carrying a pair of parallel casting 
rolls (16) horizontally in a direction transverse to a 
casting direction from a stand-by position to an in- 
termediate position; coupling the rolls (16) to a roll 
40 drive means (128) and a water cooling unit (42) at 
the intermediate position; and lifting the roll module 
(13) to a casting position. 

25. A method as claimed in claim 24, further character- 
45 ised in that the roll drive means ( 1 28) and the water 

cooling unit (42) are automatically coupled to the 
rolls when the roll module is moved to the interme- 
diate position. 

so 26. A method as claimed in claim 24 or claim 25, further 
characterised in that after lifting the roll module to 
the casting position, the method further includes 
moving the rolls inwardly to a pro-set nip position. 

ss 27. A method as claimed in claim 26, further character- 
ised in that the rolls are held apart prior to being 
lifted to the casting position and the lifting move- 
ment releases the rolls for inward movement. 
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28. A method as claimed in any one of claims 23 to 27. 
further characterised in that a pair of casting pool 
confinement plates (18) are positioned one to either 
side of the space to be occupied by the casting roils 
when in the casting position and the casting rolls s 
(16) move upwardly between the pool confinement 
plates (18) when the roll module (13) is lifted to the 
casting position. 
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